ABSTRACT Laying hens are chronically exposed to high levels of ammonia (NH 3 ), one of the most abundant aerial pollutants in poultry houses. Tests for aversion to NH 3 in laying hens have used artificially sourced NH 3 /air mixtures (i.e., from a gas cylinder) showing that birds prefer fresh air to NH 3 . However, artificially sourced NH 3 /air mixtures may not accurately reflect barn air conditions, where manure emits a variety of gases. Herein, we investigated whether laying hens differentiate between artificially and naturally sourced NH 3 /air mixtures and how exposure to NH 3 affects foraging and aversive behavior. A total of 20 laying hens was exposed to artificially sourced [A] (from an anhydrous NH 3 cylinder) and naturally sourced [N] (from conspecific laying hen excreta) gas mixtures. Hens were exposed to A and N mixtures with NH 3 concentrations of 25 and 45 ppm, as well as fresh air [FA]. During the experiment, all birds were exposed to each treatment 3 times using a custom-built polycarbonate chamber, containing a foraging area (containing raisins, mealworms, and feed mix) and a gas delivery system. All testing sessions were video recorded, analyzed with INTERACT R software, and subjected to a GLIMMIX procedure in SAS. Our results showed that the laying hens spent less time foraging overall (P < 0.001) and were slower to commence foraging (P = 0.004) in ammoniated environments compared to the fresh air. Laying hens were more likely to forage for a longer time (with fewer interruptions) in N than in A treatments (P < 0.001). Laying hens also reacted with greater aversion towards treatment A compared to treatment N (P < 0.001). These findings suggest that the laying hens of our study preferred fresh to ammoniated air and that they behaved differently in artificially and naturally sourced NH 3 /air mixtures, possibly due to the presence of familiar stimuli from the excreta. These findings have implications for new developments in methodological approaches for behavioral testing and for recommendations regarding NH 3 levels inside poultry barns.
INTRODUCTION
Laying hens generally digest feed rapidly and subsequently eliminate waste quite frequently due to their high metabolic rate, among other physiological factors. It has been reported that a single laying hen can produce an average of 73 kg/1,000 kg live weight of fresh manure per d (Overcash et al., 1983) . A number of different gases, as well as particulate matter, are produced by laying hens along with the excreta, some of which contribute to the characteristic odor of excreta. The most abundant aerial pollutant in poultry barns is ammonia (NH 3 ), which is produced by the bacterial decomposition of uric acid and undigested proteins from laying hen excreta (Kristensen et al., 2000; Liang et al., 2005; Fabbri et al., 2007; Kilic and Yaslioglu, 2014) .
Chemical irritants, such as NH 3 , in addition to the other gas components of excreta, have the potential to stimulate the olfactory, gustatory, and chemesthetic systems, particularly the trigeminal receptors of the cranial mucus membranes, which trigger the activation of reflex and aversive responses (McKeegan et al., 2005) . Contrary to previous misconceptions that birds have relatively poor chemical senses, various studies have established that poultries are, in fact, capable of chemoreception and odor detection, naturally using chemical communication to regulate behavior with regards to social interaction and predator avoidance, among other things (McKeegan et al., 2005; Widowski, 2010; Zidar and Løvlie, 2012) . Upon exposing laying hens to NH 3 , McKeegan (2004) reported irritation of trigeminal nerves, which may mediate an aversive response to NH 3 . Apart from laying hens, response of trigeminal nerves to ammonia has been reported in both humans (Petrova et al., 2008) and other animals, such as guinea pigs (Sekizawa and Tsubone, 1994) .
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In an industry setting, the ability of a domestic laying hen to avoid its excreta is greatly limited. The resulting chronic exposure of laying hens to high levels of NH 3 and other gases, which would never be encountered in outdoor habitats, compromises their welfare in different ways (Wathes et al., 2002; Dawkins et al., 2004; Bessei, 2006) . Elevated concentrations of NH 3 in poultry houses cause a reduction in feed intake, impede growth, decrease egg production, damage mucous membranes of the eye and respiratory system, and increase susceptibility to E. coli infection, Newcastle disease, and mycoplasmosis (Yahav, 2004; David et al., 2015) . Changes in olfactory sensitivity and negative health outcomes of laying hens followed by exposure to NH 3 influence their behaviors (Schiffman and Nagle, 1992; Jones et al., 2000) . The resulting response may involve increased vigilance, startling, head flicking, and freezing, similar to the responses shown by birds against stimuli that are aversive to them (Hughes, 1983; Webster and Fletcher, 2004; Zidar and Løvlie, 2012) .
The maximum concentration of NH 3 in poultry houses that is commonly considered to be acceptable is 25 ppm (Widowski, 2010) , but this is a greater reflection of worker health and safety guidelines as opposed to animal welfare. This is despite the wide body of evidence that laying hens find exposure to NH 3 aversive at concentrations experienced regularly in a commercial barn scenario. Kristensen et al. (2000) and Wathes et al. (2002) reported that laying hens, when given a free choice between fresh air, 25 ppm NH 3 , and 45 ppm NH 3 , preferred to stay in areas of fresh air compared to areas with 25 or 45 ppm of NH 3 . Behavioral changes in laying hens suggested a threshold for aversion to NH 3 at or below 25 ppm (Kristensen et al., 2000) . In a study to measure behavioral motivation by Jones et al. (2003) , the experimental birds demonstrated a consistent demand for fresh air after their exposure to 40 ppm of NH 3 . Specifically, chickens exited the elevated NH 3 environment, suggesting that they were motivated to seek fresh air, evident by the fact that the door they had to push through was heavily weighted.
The majority of behavioral studies done on the impact of gaseous emission on laying hens have focused on how different concentrations of NH 3 affect the preference of birds (Kristensen et al., 2000; Wathes et al., 2002) . Also, in most behavioral studies, the methods used to create a gaseous elevated NH 3 environment in an experimental setup involve the use of an artificial source of gas, i.e., gas from an anhydrous NH 3 cylinder (Kristensen et al., 2000; Wathes et al., 2002; Jones et al., 2003) . However, the use of pure NH 3 gas from an anhydrous cylinder may not be an accurate predictor/representation of the gaseous environment inside laying hen barns, which involves the combination of various gaseous stimulants (e.g., carbon dioxide, hydrogen sulphide, nitrous oxide, and methane) with different sensory properties and dust particles continuously emitted from excreta.
In this study, we investigated whether laying hens demonstrate NH 3 avoidance and can differentiate among fresh air (from an outdoor envrionment), NH 3 from excreta (naturally sourced), and NH 3 from gas cylinders (artificially sourced) when foraging in an experimental apparatus. Based on the findings of previous studies, we used NH 3 concentrations of 25 ppm and 45 ppm (Kristensen et al., 2000; Wathes et al., 2002; Jones et al., 2003; David et al., 2015) . We hypothesized that higher NH 3 concentrations (25 or 45 ppm) from either type of source will result in delayed foraging (searching for food), less time spent foraging, reduction in foraging bout lengths, and increased time spent avoiding those concentrations. We also hypothesized that laying hens will respond differently to elevated NH 3 environments created artificially or naturally, from an anhydrous NH 3 cylinder or from laying hen excreta, respectively.
MATERIALS AND METHODS

Ethical Statement
The research protocol was approved by the University of Guelph Animal Care Committee (AUP#3169) prior to the start of data collection.
Animals and Husbandry
A total of 20 non-beak trimmed adult laying hens (Gallus gallus domesticus) at the age of 57 wk was used for this study. Prior to and throughout this experiment, the birds were housed in windowless, wellventilated home pens (1.8 × 2.5 × 2.9 m 3 ) consisting of 4 elevated platforms and perches that were present for the duration of the entire laying period. A round feeder and nipple drinkers were provided. The floors of the pens were covered in wood shavings. Lighting and temperature schedules were provided as per industry management guidelines. The average daily concentration of NH 3 in home pens was 1.27 ± 0.89 ppm.
Experimental Apparatus
A custom-built polycarbonate chamber (1 × 0.4 × 0.76 m 3 ) was used in the experiment (Figure 1 ). The chamber consisted of 2 atmospherically sealed compartments: a holding compartment (0.4 × 0.4 × 0.76 m 3 ) and a testing compartment (0.6 × 0.4 × 0.76 m 3 ). The holding compartment led to the testing compartment through a guillotine door, operated by a rope. The testing compartment was provided with the feeder box, which contained equal amounts of the mixture of feed, raisins, and mealworm during each test. Below the testing compartment was the manure and gas compartment (0.6 × 0.4 × 0.15 m 3 ). The manure and gas compartment and the testing compartment were connected through small holes present throughout the floor of the testing compartment. A video camera (JVC GC-PX100), fitted to the side of the testing compartment, was connected to an iPad, which was used to operate the camera without disturbing hens during experimental conditions.
Gas Delivery System to the Apparatus
A climate-controlled mobile trailer, housed outside the layer barn, contained the NH 3 analyzer along with an NH 3 gas cylinder containing 100 ppm of NH 3 balanced with air. A pressure regulator and a solenoid valve, controlled by a data logger, were used to supply NH 3 at 25 and 45 ppm of NH 3 to the test chamber. The data-logger code was designed to use analog output from the NH 3 analyzer to determine when to open the solenoid valve, introduce gas into the testing compartment, and maintain the NH 3 concentration at an appropriate level. Ammonia concentration was continuously monitored using a chemiluminescent NH 3 analyzer (Model 17C, Thermo Electron Corporation, Franklin, MA). For the gaseous stimuli produced from laying hen excreta, specific amounts of fresh excreta (details to be discussed in the next section) were placed in the manure compartment, located below the floor of the testing chamber. The excreta were then allowed to sit until the NH 3 concentration reached the desired level in the testing compartment. A pump was used to draw air from the manure compartment below the feeder box and introduce it into the top of the feeder box. This served to create a circulation cell and allowed adequate mixing of air. Between the gaseous simulations, an adjustable proportion of the clean airflow was allowed to flow through the system. The remainder of the clean air and the air/stimulus gas mix was removed by an extraction fan. The calibration of the NH 3 analyzer was done on a weekly basis with a 25 ppm NH 3 calibration gas balanced with air. Sample air was drawn from the facility to the trailer through a heated sample line at 121
• C (Model 0723-100, Clean Engineering Inc., Illinois, USA) to prevent condensation within the air stream prior to entering the analyzer.
Ammonia Gas Produced from Excreta
For the gaseous stimuli produced from laying hen excreta, pilot studies were conducted to determine the ideal amount of excreta that would be required to produce the desired concentration of NH 3 in our testing chamber. To be consistent, excreta were always obtained from the same group of laying hens. The donor laying hens were fed a corn-and soybean-based diet with 18% protein. During pilot studies, both fresh and frozen (overnight) excreta samples were used. Fresh excreta samples were found to be more consistent in their generated NH 3 concentrations within the testing chamber. Varying moisture content in thawed excreta samples might have been the cause of these inconsistencies. In our experimental setup, it was found that an average of 590 and 690 g of fresh excreta was required to produce 25 and 45 ppm of NH 3, respectively, in the testing chamber, and requiring approximately 45 min to achieve a steady state for each concentration.
Experimental Procedure
Before actual testing, individual birds were gradually habituated to handling and the testing apparatus for one week. In the testing phase, the experimental birds were exposed to different concentrations of NH 3 gas. The test gases included fresh air (FA -0 ppm of NH 3 ), naturally sourced NH 3 /air [N] mixture (supplied from laying hen excreta), and artificially sourced NH 3 /air [A] mixture (supplied from NH 3 cylinder), both consisting of 25 ppm and 45 ppm of NH 3 . The birds were unable to see the experimenter and gas delivery apparatus during the testing phase. On experimental d, holding crates with wheels were used to transport hens between their home pens and the testing room. Adequate feed and water along with wood shavings on the floor of the holding crates were provided while hens were waiting to get exposed to the treatment.
Each bird (n = 20) underwent 3 testing sessions for each of the 5 stimuli on separate days. Therefore, each of the 5 treatments had a total of 60 responses. The testing procedure followed a Latin Square design (systematically balanced for carryover) in which each bird was exposed to one stimulus per day. The data collection portion of the experiment lasted 20 d spread across 6 wk (alternating testing and resting d on a per-bird basis), averaging 15 trials per day. To account for potential carryover effects, individual birds were never tested on consecutive days.
Once the desired concentration of gas was achieved in the testing compartment, an individual bird was placed in the holding compartment, which provided it a clear view of the testing compartment and the food reward. While no cues (auditory or visual) were used to signal to the birds the start or end of the stimulus (ammonia concentration), the opening of the guillotine door to the testing compartment cued the bird to the beginning of the test. After 5 s in the holding compartment, the guillotine door was opened, allowing the bird to enter the testing compartment. Once a bird placed both its feet in the testing compartment, the guillotine door was immediately closed. The bird had a maximum of one min to enter the testing compartment. Inability to enter the testing compartment within one min signaled the end of the current trial. The procedure was repeated if a bird refused to enter the testing compartment, but was repeated only once per bird per treatment, after which testing began with a new bird. The bird remained in the testing compartment for 5 min and was then removed. The whole experimental apparatus was cleaned and disinfected with 70% propyl alcohol wipes and airdried (Walsh et al., 2013) to prepare for the next test batch.
Behavioral Observations
Video recordings of behaviors that occurred during each 5-minute testing session were analyzed using INTERACT R software (Mangold International GmbH, Graf-von-Deym Str. 5 94424 Arnstorf, Germany). Pilot studies helped us to recognize and identify the kinds of behavioral responses likely to be seen during testing sessions. The video analysis was conducted by an individual who was blinded to the treatment status of each bird. The following behaviors were recorded: latency to enter the testing compartment, latency to commence foraging (i.e., searching for food items in the foraging area), the mean length of foraging bouts, and "aversive responses"-behaviors such as startling (sudden movement accompanied by frantic flapping of wings and jumping), vigilance (alerting movements with rapid jerky head movements), freezing (cessation of previous behaviors with no apparent movement of the body), and head shaking (short and vigorous flicking of the head) (McKeegan et al., 2005; Zidar and Løvlie, 2012) .
Statistical Analysis
Data obtained were analyzed using the SAS (v9.4, SAS Institute Inc., Cary, NC) statistical software package. Response variables used were (1) percentage of total time spent foraging, (2) mean length of foraging bout, (3) latency to enter testing compartment, (4) latency to start foraging, and (5) aversive responses. The assumptions to the analysis of variance were confirmed using scatterplots of studentized residuals and a Shapiro-Wilk test of normality. The mean length of a foraging bout, latency to start foraging, and aversive response were logarithmically transformed prior to analyses to achieve normality.
The analysis of behavioral data was done by a PROC GLIMMIX procedure. The model included behavior performed as a dependent variable, treatment as a fixed effect, and bird ID as a random effect. The Kenward Rodger approximation was used to calculate degrees of freedom. A set of preplanned orthogonal contrasts was applied to analyze the difference between A and N treatments. All results are presented as least square means ± standard error of the mean (SEM). Statistical significance was considered at P < 0.05 in all cases.
RESULTS
All laying hens entered the testing compartment, and latency to enter the testing compartment was not affected by treatment. Laying hens showed behavioral differences when exposed to environments with different NH 3 concentrations. Birds spent more time foraging (P < 0.001) in FA, compared to ammoniated treatments. No difference ( Fig. 2A ; P = 0.46) in foraging time was observed between treatments N and A. The mean length of foraging bouts was longer ( Fig. 2B ; P < 0.001) in treatment N compared to treatment A. The mean length of foraging bouts was not different ( Fig. 2B ; P = 0.154) between FA and 25 ppm NH 3 /air mixture from excreta; however, exposure to 25 ppm NH 3 /air mixture from an artificial source reduced ( Fig. 2B ; P < 0.001) the mean length of foraging bouts.
Although birds took longer ( Fig. 2C ; P = 0.004) to commence foraging in NH 3 -polluted environments compared to FA, no difference was observed with respect to latency to start foraging (P = 0.946) between N and A treatments.
Aversive responses displayed by birds were significantly affected by NH 3 concentrations inside the testing area. The duration of time showing aversionrelated behaviors was shorter ( Fig. 2D ; P < 0.001) in FA compared to NH 3 -polluted environments. Birds showed aversive responses for longer periods of time ( Fig. 2D ; P < 0.001) in treatment A compared to treatment N.
DISCUSSION
From the present experiment, we were able to show that laying hens are able to detect ammoniated environments and are also able to differentiate between ammoniated environments produced from laying hen excreta and those from an anhydrous NH 3 cylinder. To our knowledge, no other studies have compared behavioral responses of fowl to 2 different kinds of ammoniated environments, as the previous studies of this kind have been conducted using artificially sourced NH 3 (Jones et al., 1998; Kristensen et al., 2000; McKeegan et al., 2005) . The results from this study are likely to be the most reliable to date in predicting responses of birds to naturally ammoniated environments.
We found that birds spent more time foraging/searching for food in fresh air compared to ammoniated environments. This result is consistent with previous studies (Johnson et al., 1991; Smith et al., 1996; Kristensen et al., 2000) . Under normal circumstances, birds spend large amounts of time foraging (Dawkins, 1989) . Reduced foraging behavior in gas-polluted environments, therefore, indicates that the motivation of birds to perform foraging behavior is compromised. Although the proportion of time spent foraging was not different between artificially or naturally sourced NH 3 , birds displayed a significant reduction in the mean length of foraging bouts in artificially sourced NH 3 compared to naturally sourced NH 3 . Decreased willingness to continue feeding in the artificial sourced NH 3 might be due to increased vigilance in environments that are more aversive to the birds (McKeegan et al., 2006) . Repeated withdrawal from the feeding bowl was observed by McKeegan et al. (2006) when birds were exposed to high concentrations of noxious gases. Birds have a strong motivation to seek fresh air after they are exposed to high levels of NH 3 (Jones et al., 2003) . Wathes et al. (2002) observed that domestic fowl spend less time in atmospheres contaminated with NH 3 . The continuous seeking of fresh air while foraging in ammoniated atmospheres results in frequent interruptions of foraging behavior.
The results confirm that NH 3 acts as an aversive stimulus to laying hens. Birds showed significantly decreased aversive responses in fresh air, which is consistent with results from previous studies (Smith et al., 1996; Kristensen et al., 2000; Wathes et al., 2002; McKeegan et al., 2005) . Animals display a series of actions against stimuli that are aversive to them (Mills, 2010) . Behaviors such as vigilance, startling, head flicking, and freezing were used as indicators of aversive responses in previous studies (Hughes, 1983; Webster and Fletcher, 2004; Zidar and Løvlie, 2012) . Birds become more alert and vigilant after detection of stimuli that may be aversive or potentially dangerous (Zidar and Løvlie, 2012) . Head shaking is a behavior suggestive of an alerting response (Hughes, 1983) and is thought to represent a coping response to disturbance and environmental change (Dunnington et al., 1984; Dunnington and Siegel, 1986) . Freezing behavior in animals is an instinctive response to possible danger (Bolles and Riley, 1973; Ferrari and Ferrari, 1990) . Artificially sourced NH 3 gas elicited significantly more aversive responses in birds than naturally sourced NH 3 gas. One interpretation for this finding is that familiar olfactory stimuli accompanying NH 3 from excreta may have attenuated the aversive response to NH 3 . It is not easy to disentangle whether the difference observed is truly a difference in aversion to NH 3 or if the birds are reacting to a smell. However, measurement of other components in the laying hen excreta was outside the scope of this study. Future studies are needed to investigate cues other than NH 3 in laying hen excreta that can influence the behavior of hens.
The experimental birds took longer to commence foraging in environments contaminated with NH 3 compared to fresh air. Similar behavior was observed in birds when exposed to stimuli that were indicative of possible danger (fecal cues associated with predators) in a study conducted by Roth et al. (2008) . Birds took longer to commence foraging in 25 ppm ammoniated environments (irrespective of the source). However, no difference between the fresh air and 45 ppm treatments was observed, although there was a tendency for birds to take longer to start foraging in 45 ppm environments. In the holding compartment, the birds had a clear view of the food reward through the transparent door. The positive anticipation of the reward might have influenced the decisions of the birds before they were aware of the presence of NH 3 in the testing compartment, which is also evident from the result that latency to enter was indifferent irrespective of the treatment. Furthermore, we observed that some birds turned away from the opening to the testing compartment in response to the opening of the guillotine door, although they eventually entered the testing compartment, nonetheless. Also, some birds did not consume any of the food rewards during the entire experimental period, causing inflation in the latency to commence foraging in those birds. Latency data obtained from our study suggest careful examination of how time affects behavioral response of birds to aversive stimuli for future studies.
Elevated levels of NH 3 have been shown to be correlated with an increase in the level of stress hormones, and potentially to the behaviors indicative of stress as well (Dawkins et al., 2004; Drake et al., 2010) . This might be the reason behind higher interruptions of foraging behavior and increased incidence of aversive responses in the birds exposed to ammoniated environments in our experiment. Exposure to NH 3 also interferes with olfactory function and perception in different ways. Birds are able to distinguish between different concentrations of NH 3 through the trigeminal nerve (McKeegan, 2004) . Ammonia stimulates the trigeminal and olfactory nerves (Mills et al., 1969; Armstrong and Luck, 1974; Sekizawa and Tsubone, 1994) , which causes vasodilation and increased mucous secretion and may lead to decreased respiration rate (Farbman, 1992) . In addition, NH 3 , a highly watersoluble gas, is also readily absorbed by the mucous membranes of the eyes, and the nasal and oral cavities (Leduc et al., 1992) . At high enough concentrations, the resulting reaction causes alkali burns in the mucous membranes (Anderson et al., 1964) . These physiological effects and the resulting discomfort influence behavioral responses of birds, as demonstrated by alterations in feeding/foraging behavior and aversive reactions (Jones et al., 2000) . The negative health outcomes also could lead to a reduced or altered sensory input (nasal and/or visual) from the environment, which might affect behavioral patterns.
In the current experiment, it was ensured that a continuous flow of air/ NH 3 mixture was achieved to maintain the desired concentration of NH 3 at the bird's level. Although we did not measure the motivation of laying hens to leave environments contaminated with NH 3 , their aversion towards ammoniated environments was demonstrated through the higher interruptions of foraging (shorter foraging bouts) and avoidance responses. The use of a small and properly sealed chamber was important to ensure the correct level of NH 3 throughout the experiment, as rapid diffusion of NH 3 may interfere with the accurate estimation of desired concentrations.
In summary, laying hens prefer to forage in fresh air and behave differently in naturally and artificially sourced NH 3 . The same concentration of NH 3 generated from an artificial source was more aversive than if it was from a natural source, as depicted by changes in foraging bout lengths and increased occurrences of aversive behavior. The results obtained from this study may provide new approaches for the behavioral testing of birds in ammoniated environments, since, until this study, no previous investigations used poultry excreta as a source of NH 3 . Also, the findings obtained from this study may have implications for recommendations regarding NH 3 levels inside the poultry houses. Further studies will be needed to identify different components of poultry excreta that may affect behavioral responses of birds. The results from this study also can be instrumental in reviewing the concentrations of NH 3 that are aversive to birds.
